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Abstract
Purpose Revisiontotalkneearthroplasty(rTKA)isacomplex
procedure. Depending on the degree of ligament and bone
damage, either primary or revision implants are used. The
purpose of this study was to compare survival rates of primary
implants with revision implants when used during rTKA.
Methods A retrospective comparative study was conducted
between 1998 and 2009 during which 69 rTKAs were per-
formed on 65 patients. Most common indications for revision
were infection (30 %), aseptic loosening (25 %) and wear/
osteolysis (25 %). During rTKA, a primary implant was used
in nine knees and a revision implant in 60.
Results Survival of primary implants was 100 % at one
year, 73 % [95 % confidence interval (CI) 41–100] at two
years and 44 % (95 % CI 7–81) at five years. Survival of
revision implants was 95 % (95 % CI 89–100) at one year,
92 % (95 % CI 84–99) at two years and 92 % (95 % CI 84–
99) at five years. Primary implants had a significantly worse
survival rate than revision implants when implanted during
rTKA [P00.039 (hazard ratio04.56, 95 % CI 1.08–19.27)].
Conclusions Based on these results, it has to be considered
whether primary implants are even an option during rTKA.
Introduction
Over the past two decades, there has been an increase in the
number of primary total knee arthroplasties (TKAs) performed
[1, 2]. Despite good results of primary TKA, the number of
revision TKAs (rTKAs) is rising [3], and a further increase
in revision procedures in the future is predicted [4]. The
demand for rTKA is expected to double by 2015, and a
growth of 601 % is predicted for the United States between
2005 and 2030 [4]. A similar trend is expected for other
Western countries.
Primary implants differ from revision implants in type of
insert (constraint) and absence of stems and augmentations.
During rTKA, the surgeon faces greater bone loss and more
ligament damage, which may lead to instability of the knee
joint [5, 6]. To overcome these problems, an implant with
more constraint is recommended, and augmentations are
commonly used to compensate for bone defects [7]. Al-
though a posterior cruciate-retaining (PCR) or posterior
stabilised (PS) prosthesis is generally implanted during pri-
mary TKA [8], most of the time, an rTKA requires a PS type
[9]. Condylar-constrained knee (CCK) and rotating-hinge
knee (RHK) types are also commonly used in rTKA
[8–10]. When all ligaments are intact and of good quality
and bone defects are limited, use of a PCR prosthesis will be
sufficient. When only the posterior cruciate is damaged, a
PS type is needed. A CCK is chosen when one or both
collateral ligaments are inadequate. If medial and/or lateral
collaterals and cruciate ligaments are compromised or when
a severe deformity exists, an RHK is required [7, 8, 11, 12].
The consequence of using one of these types of revision
prosthesis, however, is greater constraint. Higher constraint
has negative effects on implant interfaces and is usually
counteracted by press-fit stems [8, 13]. Hence, the choice
of implant type is based on accurate assessment of ligament
quality, bone loss and component fixation; the least degree
of constraint necessary is recommended [8, 10, 14–16].
In handling bone defects, the classification of the Ander-
son Orthopaedic Research Institute is a useful guide [17]. In
type 1 defects, primary prostheses may be used, whereas
type 2 or 3 defects necessitate revision implants. Reasons to
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experience and availability of revision components during
the operation when encountering defects and the costs.
However, theoretical advantages of using primary implants,
such as ease of use, less time and cost savings, may be lost
when inadequate reconstruction leads to early loosening.
Previous research has shown that compared with primary
TKA, survival following rTKA is poorer [18–20]. The ob-
ject of this study was to investigate whether there are differ-
ences in survival rates between primary and revision
implants when implanted during rTKA.
Materials and methods
Study design and data collection
A retrospective comparative study was conducted. Data on
171 rTKAs performed between January 1998 and December
2009 at our institution were collected retrospectively. The
cases were divided into two groups: knees that received a
primary implant and knees that received a revision implant.
Primary implants were defined as PCR and PS types without
the use of stems or augmentations. Revision implants were
defined as PS types with the use of stems or augmentations
and CCK and RHK types. Survivorship and reason for any
reoperation were documented. A telephone call to obtain
this information was made to the patients, or to their general
practitioner or surviving relative when a patient had died.
The study was conducted in accordance with the regulations
of the local medical ethical committee.
Study population
Patients with a primary total knee implant who underwent a
total revision or reimplantation were included in the study.
Excluded were partial revisions, insert replacements, con-
versions from a unicompartimental prosthesis to a total knee
prosthesis and patients who received a tumour prosthesis
during revision surgery. Eventually, 69 knees (65 patients)
were available for final analysis (Fig. 1). The patient popu-
lation consisted of 27 men and 38 women, with a mean age
of 64.3 (range 30–85) years. Mean time between primary
TKA and rTKAwas 103.3 (range 2–276) months. The most
common reasons for revision were infection (30 %), aseptic
loosening of one or more components (25 %) and wear/
osteolysis (25 %). During rTKA, nine knees received a
primary implant and 60 knees received a revision implant.
Of the nine knees receiving a primary implant, three re-
ceived a NexGen Legacy posterior stabilised (NexGen PS;
Zimmer, Warsaw, IN, USA), five an AGC PCR prosthesis
(Biomet Inc., Warsaw, IN, USA) and one an LCS rotating
platform (PS) prosthesis (Depuy Johnson & Johnson,
Warsaw, IN, USA). Sixty revisions were performed with a
NexGen revision implant with stems and augmentation. In
37 knees a PS insert was used, in 20 a semiconstrained insert
(Legacy Condylar Constrained Knee, LCCK) and in three a
rotating-hinge knee (RHK, NexGen).
Surgical procedure
Revision TKA was performed by two senior orthopaedic
surgeons (SKB and ALB) working at our institution. During
rTKA, all components were removed and replaced by a pri-
mary or revision implant. The medial parapatellar approach
was used in all procedures, and all femoral, tibial and patellar
components were cemented. Stems were routinely unce-
mented but a press-fit was used. Infections were treated by
two-stage revision. Postoperatively, all patients followed the
sameprotocol,withearlyweight-bearingmobilisationpermit-
ted in cases with repair of contained defects. Otherwise, this
was postponed to six to 12 weeks postoperatively, depending
on individual situations.
Statistical analysis
Survival of primary implants used during rTKA was com-
pared with survival of revision implants. The patient who
was lost to follow-up was censored using the date of last
contact at our hospital. Deceased patients were censored
using the date of death. Kaplan–Meier survival analyses
were performed to assess the survival of the two types of
implant at one, two and five years. To study differences
between groups and to adjust for potential confounders such
as age, indication, sex and American Society of
Fig. 1 Exclusion procedure
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analysis was performed [21]. Additionally, variables of age,
indication (septic or aseptic), sex and ASA classification
were assessed for confounding. When the variable was a
significant confounder, it was added to the Cox regression.
The endpoint for survival following rTKA was defined as
repeat revision when one or more component was removed
or exchanged. Statistical analyses were performed using the
PASW software package (version 18, SPSS, Chicago). A p
value <0.05 was considered statistically significant.
Results
Mean survival of all rTKAs was 58.6 (range 1–161) months.
Overall survival of both primary and revision implants was
96 % [95 % confidence interval (CI) 91–100] at one year,
89%(9 5%CI82 –97)attwoyearsand85%(95%CI75–94)
at five years. Survival of primary implants was 100 % at one
year, 73 % (95 % CI 41–100) at two years and 44 % (95 % CI
7–81) at five years. Survival of revision implants was 95 %
(95 % CI 89–100) at one year, 92 % (95 % CI 84–99) at two
years and 92 % (95 % CI 84–99) at five years. The use of a
revision implant during revision surgery had a significantly
better survival rate than the primary implant [p0.008; hazard
ratio (HR)05.87, 95 % CI 1.57–21.90]. The variables of age,
ASA classification and sex were not significant confounders.
The variable of indication for rTKA because of sepsis
appeared to be a significant confounder. After adding this
confounder into the Cox regression analysis, use of a revision
implant during rTKA showed a significantly better survival
rate than implantation of a primary implant (p0.039; HR0
4.56, 95 % CI 1.08–19.27) (Fig. 2).
A total of nine re-operations were assessed in this study.
Four primary implants underwent a re-rTKA. Indications
were aseptic loosening in two cases and infection in two
cases. Five revision implants underwent re-operation. Three
re-rTKAs, one amputation and one arthrodesis were per-
formed. Indications for re-rTKA were aseptic loosening,
infection and instability in one case each. Indication for
amputation was chronic pain, and infection was the reason
for arthrodesis.
Discussion
To our knowledge, this is the first study to investigate
survival of primary and revision implants. Over the past
two decades, there has been an increase in rTKAs [3]
performed, and a further increase is predicted [4]. This has
heightened the interest in rTKA and factors that influence
the outcome of this procedure. During rTKA, primary and
revision implants are used to restore the knee joint. Howev-
er, little is known about the survival rate of both types of
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implants. Implants were divided
into two groups: primary
implants and revision implants.
Covariate septic or aseptic
indication for revision was
added in this Cox regression
analysis
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implant during rTKA is a good option. This study was con-
ducted to compare survival rates of primary implants with
revision implants when implanted during rTKA. Our results
show that a primary implant used during rTKA suffers a
significantly worse survival rate compared with a revision
implant during the revision operation. Overall survival of
implants, with repeat rTKA defined as the endpoint, was
96 % at one year, 89 % at two years and 85 % at five years.
These results are comparable with rTKA survival in Finland
between 1990 and 2002, which showed rates of 95 % at two
years, 89 % at five years and 79 % at ten years [18]. Other,
generally older, studies report failure rates or poor results of
19–63 % for follow-up periods of five years or more [22–25].
In this study, five of the 60 revision implants and four of
the nine primary implants underwent a further rTKA. For
revision implants, one of the five further rTKAs was per-
formed for aseptic loosening. For primary implants, two of
the four additional rTKAs were performed because of asep-
tic loosening. Several clinical studies suggest that more
constraint leads to earlier aseptic loosening because of more
implant–cement–bone stress [8, 13]. A characteristic of a
revision implant is more constraint; hence, one might expect
a higher rate of aseptic loosening. However, in this study,
the frequency of aseptic loosening was significantly higher
in the group that received a primary implant. Indications for
using a primary implant in rTKA are minimal ligament and
bone damage. It is possible that these two factors are under-
estimated in this group of patients. When a primary implant
is implanted and more constraint and augmentations are
required, this may lead to diminished fixation of prosthesis
components to bone, earlier aseptic loosening and thus re-
revision. Therefore, it may be questionable whether using a
primary implant should be even an option in rTKA, as bone
and ligament damage are usually extensive. Which type of
revision implant should be advised for what degree of bone
and ligament damage is a subject for further study.
Several investigators report that results of septic rTKAs
are inferior to aseptic revision [26–30]. In five of the nine
revisions where primary implants were used, the reason for
revision was infection. In the group of revision implants in
our study, 16 of the 60 were done because of an infection;
therefore, corrections were made during the survival analy-
sis for septic or aseptic indication.
A strong point of this study is that it adds new knowledge
to the scarce literature on survival of primary implants in
revision arthroplasty. However, this study also has some
limitations. Firstly, a selection bias must be present. Resto-
ration of a knee joint with major ligamental damage and
bone loss is a complex procedure. In these cases, a revision
implant is always performed. When bone loss and ligamen-
tal damage are limited, i.e. cases of Anderson Orthopaedic
Research Institute (AORI) type I defects [31], the surgical
procedure is less complex, and one can choose between
either a primary or revision implant. Consequently, primary
implants are always used in less complex revision operations,
whereas revision implants are also commonly used in more
difficult procedures. Secondly, with respect to Cox regression
analyses, it is assumed that observations are independent of
each other. However, four patients in this study underwent
bilateralrTKA,andsurvivalanalyseswerecarriedoutwithout
taking bilaterality into account. Robertsson et al. reported that
the effect of not accounting for bilaterality in knee revision
surgeryisminuteandthatthe riskofrevisionofkneeimplants
can be analysed without consideration for subject dependency
[32].Finally, itcan bearguedthata limitednumberofpatients
was available. Revision surgery is a difficult procedure, and
this type of surgery is only performed in specialised centres.
Therefore, implant survival at one, two and five years has a
wide confidence interval. Because a growing number of
rTKAs is expected, future studies with larger series are nec-
essary togainmore insight into long-term survival and factors
that influence rTKA outcome.
Overall, it can be concluded that despite the relatively
small number of patients in this study, primary implants
implanted during rTKA have a significantly worse survival
rate than revision implants. Choosing the right type of
implant in rTKA is a challenging task. Based on results of
this study, it has to be considered whether primary implants
are even an option during rTKA.
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